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this case, the enhancement of the fish habitat on the sand flat. It has been observed that ghost shrimps positively affect other invertebrate macrobenthos, not only by providing obligate commensals with burrows used for micro-habitats (e.g., RICKETTS et al., 1985) , but also by bioturbating activities (DAYTON & OLIVER, 1980; BIRD, 1982; POSEY, 1986a; TAMAKI & SUZUKAWA, 1991) . TAMAKI & SUZUKAWA (1991) proposed that a highly mobile burrowing infauna, primarily adapted to shifting, sedimentary environments, prefers the loosened sediments resulting from thalassinidean shrimp occupation.
It is known that some commensal, gobiid fishes inhabit ghost shrimp burrows (HOFF-MAN,1981; RICKETTS et al., 1985) , but there are no recorded examples of a dependency of any demersal fish on sedimentary conditions created by ghost shrimps. The second aim of this paper is to examine the dependency of P, cancrivorus on C. japonica as a food source, and to assess the potential predation impact of the former on the latter population.
Materials and Methods

Study site and organisms
The study site (black-colored area in Fig, 1 [b], ca. 300m wide along shore) is situated on an intertidal sand flat facing Tomioka Bay at the northwestern corner of Amakusa-Shimoshima Island, west Kyushu, Japan. The site is exposed for a distance of 335m seaward at extreme low water spring tide (ELWS). The elevation of the upper 1/3 to 1/2 zone of the site is close to the level of mean low water neap tide (MLWN), from which it gradually lowers to the mean low water spring tide (MLWS) level (TAMAKI, 1984; TAMAKI & SUZU-KAWA, 1991) . The maximum depth of the water column that covers the site is ca. 3.3m.
Ghost shrimps live in burrows. A survey of macrobenthos distribution in July, 1979, revealed that ghost shrimps inhabited the upper (ca. 80 to 150 -m wide) zone of the study site , except the uppermost ca. 10-m wide zone (TAMAKI & KIKUCHI, 1983; Fig. 1 [c] After the apexes of the upper sides of the propodus, carpus, and merus were fixed on a horizontal line on a section paper, the distance between two vertical lines on which the tips of the dactyl and ischium touched, respectively, was read (cf., Fig. 1 in SAKAI, 1969 Fig. 2 [b] ). The density of snake eels had increased over the eight years in both the mean of the total densities (1.6 times) and the maxima of active, resting, and total fish densities in 1987 (24,17, and 37/250m2, respectively), compared with the maximum total density in 1979 (10/250m2). Using all the non-zero values of total fish densities during the emergence periods (from 17: 00 on 3 August to 8: 00 on 4 August, 1979 (n=16) and from 18: 00 on 8 September to 10: 00 on 9 September, 1987 (n=8)), the difference in density between the two years was tested for significance by Mann-Whitney U-test for a case involving tied variates and medium sample sizes (ITO et al., 1984) . It was significant for a one-tailed test (0.01<p<0.05) but only weakly for a two-tailed test (0.05<p<0.1). Table 2 .
Generally, these prey specimens were in good condition, enabling identification. In the study site, the snake eel was the only demersal fish species that could prey on ghost shrimps buried deep in the sediment. The other fish species fed on benthic Ghost shrimp densities on the sand flat Ghost shrimp densities were higher at the more seaward stations on the sand flat in both April and October, 1987 (Table 3) .
Size-preference of ghost shrimps exhibited by snake taken from snake eels were significant (0.01<p< 0.02 for the spring-summer pair (Fig. 4 [a] ) ; p < 0.001 for the autumn pair (Fig. 4 [b] )) ; the snake eels preferred as prey the larger ghost shrimps. to 1987 ( Fig. 1; Table 3 ), the density of snake eels significantly increased (Fig, 2) offshore from the study site : Fig. 1 [b] ) (NOJIMA, pers. obs.). In 1987, the formerly firm sediment on the by ghost shrimps is beneficial to snake eels, the present result adds another example to such interspecific relationship.
In 1979, ghost shrimps comprised 42% (=5/12) of snake eel prey items (Table 2) , despite observations that the ghost shrimp and snake eel populations separately inhabited the upper and lower sand flats, respectively (MIYAMOTO, 1980; NOJIMA et al., 1980; TAMAKI & KIKUCHI, 1983) . Thus, it is supposed that the snake eels collected in 1979 had foraged shoreward, although such behavior was not actually observed (MIYAMOTO, 1980) . NOJIMA et al. (1980) reported that snake eels in the study site fed on the razor clam, Solen strictus, which appeared also in contents of the guts collected in 1979 for Jul., 1992 this study (Table 2 ). In 1987, ghost shrimps had become almost the exclusive prey item of snake eels (Table 2) . If ghost shrimps were preferred to other benthos, the increase in density of snake eels might have resulted from improved food conditions.
Alternatively, however, the exclusively high proportion of ghost shrimps among the prey items recorded in 1987 might simply be a passive response of snake eels to the abundance of such prey.
According to several studies to assess the effects of predation in structuring benthic communities on tidal flats (e.g., REISE, 1985) , it appears that epibenthic predators play a less important role than that of a keystone predator in rocky shores (PETERSON, 1979; BARNES & HUGHES, 1988) . In tidal flats, however, some top predators can affect the benthic community structure if they effectively regulate, for example, the density of large bioturbating infauna such as thalassinidean shrimps and arenicolid polychaetes, which themselves have considerable influence on other benthos (ALLER & DODGE, 1974; PETERSON, 1977; BIRD, 1982; MUR-PHY, 1985; REISE, 1985; POSEY, 1986a; TAMAKI, 1988; TAMAKI & SUZUKAWA,1991) . POSEY (1986b) assessed the predation impact of a surface-feeding demersal fish on Callianassa californiensis, and suggested that the seaward limit of the distribution of the ghost shrimp on tidal flats was determined by effective predation. Using the results obtained in this study, a crude estimate can be made of the proportion of the ghost shrimp population that suffers snake eel predation in the lower zone of the sand flat (snake eels were absent in the upper zone in 1987). The estimation is based on three mean data observed in the autumn of 1987 (the total density of snake eels (Fig. 2 [b] ) ; the density of ghost shrimps at the station 260m from the shore (Table 3) ; the number of ghost shrimps eaten by one snake eel per day) and on an assumption that snake eels feed on ghost shrimps at a constant rate for at least 10 months of the year (the presence of the active fish in the study site was confirmed at least from March to December by underwater observations (MIYAMOTO, 1980, pers. obs.) ).
Accordingly, it is estimated that only 4.6% of the ghost shrimp population on the lower sand flat was consumed by snake eels per year. Moreover, so long as 1) the foraging activity of snake eels is restricted within the lower zone of the sand flat as confirmed in 1987 (spatial refuge) and 2) smaller ghost shrimps are not eaten (size refuge (Fig. 4) 
